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a b s t r a c t

26
The consequence of a strong economic growth in emerging countries combined with the rise of the world 27 population is an increase in the demand for raw materials, leading to growing concern regarding their 28 availability and the global efficiency of the supply chain. These tensions reinforce the need to associate 29 the development of the recycling industry to the identification of new resources which could be used 30 for the recovery of valuable materials. The purpose of this study is to develop a novel biological co-pro-31 cessing approach for the recovery of strategic metals in both sulfidic mining wastes and post-consumer 32 wastes (WEEE). The principle of this treatment is based on two steps: mine wastes are biologically oxi-33 dized, resulting in the production of a ferric iron-sulfuric acid lixiviant solution which is used to leach 34 base and other soluble metals contained in e-scraps. Batch tests were carried out using flotation tailings 35 wastes containing 60% of pyrite and grinded Printed Circuit Boards (PCB < 750 lm) with a solid load of 36 2.5%. Two series of tests were conducted in order to study the influence of the ferric iron concentration 37 and of the bacterial activity on metals dissolution. Results showed that a higher ferric iron concentration 38 led to an increase in the dissolution rate of copper which is the main metal contained in the PCBs. over, a dissolution yield of 98.3% was reached for copper after 2 days when bacterial activity was 40 observed, corresponding to an increase of about 20% compared to the tests without bacterial activity. 41 Finally, this study highlights the importance of the availability of ferric iron and of the bacterial oxidation 42 of ferrous iron for the feasibility of this bioleaching process dealing with the recycling of PCBs. (Huisman et al., 2008) . ing metals from e-waste is potentially more energy efficient than 54 mining raw material. However, they are highly complex in terms 55 of structure and composition as very little consideration is given 56 to end-of-life reprocessing during the design and construction of 57 electronic goods. As a result it is not always possible to feed such 58 waste into conventional recycling streams. Many of the metals 59 on the ''criticality'' list are found in significant quantities in e-60 wastes (EU, 2014) . The majority of the value in e-waste is in the 61 printed circuit boards (PCBs). On average 90% of the intrinsic eco-62 nomic value of PCBs is in the precious metals that they contain (Cui 63 and Zhang, 2008) . They also contain some critical metals such as 64 gallium. 65% of the world's gallium production ends up in PCBs 65 and no current process for its recovery exists. Copper is also very 66 important: it is much more abundant in e-wastes and PCBs than 67 the higher value metals, that is why its recovery and recycling 68 are crucial given the increasing scarcity and complexity of copper 69 ore.
70
Pyrometallurgy is the traditional choice for metal refining 71 from processed (usually upgraded) e-waste, resulting in the pro-72 duction of precious metal-bearing copper bullion (Tuncuk et al., 73 2012). It can be done within existing smelters treating mineral 74 concentrates, where e-waste may be combined (10-15%) with a 75 copper concentrate (Cui and Zhang, 2008 (Tuncuk et al., 2012 Deveci et al., 2010; Huang et al., 2009; Kasper et al., 2011; 89 Tuncuk et al., 2012 (Krebs et al., 2006) . Studies into the bioleaching of e-waste have 100 mainly involved the treatment of printed circuit boards (PCBs).
101
The use of organic acids produced by various fungi or biogenic 102 cyanide has been examined, particularly for the recovery of gold 103 and other noble metals (Brandl et al., 2001; Faramarzi et al., 104 2004; Brandl et al., 2008; Chi et al., 2011 addition of elemental sulfur. The studies published so far (Zhu 124 et al., 2011; Yang et al., 2009; Xiang et al., 2010; Liang et al., 125 2010; Karwowskaa et al., 2014; Hong and Valix, 2013; Ilyas 126 et al., 2010; Cerruti et al., 1998) Using an industrial ecology approach and including the potential 163 costs associated with the ''no action scenario'' in terms of waste 164 management, a co-processing concept was envisaged.
165
The purpose of this study is therefore to develop a novel biolog-166 ical co-processing approach for the recovery of strategic metals in 167 both sulfidic mining wastes and post-consumer wastes (e-scraps). 
Bacterial culture and nutrients
191
The tests were run using BRGM-KCC acidophilic and moderate 192 thermophilic (40°C) microbial consortium which has already been 193 fully described (Battaglia et al., 1994; d'Hugues et al., 2003) . The cially copper (Guezennec et al., 2014) . The culture used as an inoc- 
Erlenmeyer flasks (500 mL) that the metal dissolution corresponds to the oxidative process A.-G. Guezennec et al. / Minerals Engineering xxx (2015) is reported by several authors (Yang et al., 2014; Zhu et al., 2011; 397 Xiang et al., 2010; Vestola et al., 2010; Wang et al., 2009) could 398 be the formation of jarosite precipitates (see Eqs. (2) and (3) 
403 403 whereas the extraction in flask tests is only 82.3% for Cu, 63.5% . Table 3 Metal dissolution yields (in%) and absolute standard deviation r (in%) after 2 days and at the end of tests of PCBs leaching at 40°C and at ambient temperature (initial
.
After 2 .
A.-G. Guezennec et al. / Minerals Engineering xxx (2015) 
471 471
472
According to Bas et al. (2013) Fig. 8 . Fig. 8 between 70% and 95% for a leaching time ranging from 3 to 18.
544
The two-steps mode enables to reach better kinetics and higher 545 metal dissolution yield since the copper dissolution is almost com- kinetics but also in terms of metals dissolution yields. 
